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a  b  s  t  r  a  c  t
Functional  mitral  regurgitation  (MR)  is  a common  complication  accompanying  left ventricular  dysfunc-
tion.  Increasing  resting  heart  rate  (HR)  is  demonstrated  to be associated  with  increased  mortality  in heart
failure  (HF)  patients.  Thus,  lowering  HR  is recommended  by  recent  HF  management  guidelines.  However,
the  hemodynamic  effect  of changing  HR  on functional  MR  remains  unclear.  We  present  a patient  who
demonstrated  ischemic  cardiomyopathy  and  was  admitted  to our hospital.  Electrocardiogram  showed
complete  left  bundle  block  with  QRS  interval  of  120  ms  and  HR  of 60 beats/min.  Temporal  pacing  study
was  performed  to conﬁrm  the efﬁcacy  of  cardiac  resynchronization  therapy.  Functional  MR  was  unex-
pectedly  improved  by increasing  HR  with  atrial  pacing  rather  than  biventricular  pacing.  Brain  natriuretic
peptide  was  reduced  from  3642  pg/ml  to 435  pg/ml after  2 weeks.  Our case  indicates  that  in some  HF
patients  with  functional  MR,  a prolonged  diastolic  interval  may  lead  to deteriorating  MR  ﬂow.
<Learning  objective:  When  a resting  HR  >70  beats/min  is  observed  in  patients  with  systolic  HF in  sinus
rhythm,  lowering  the  HR  below  70 beats/min  is  recommended  according  to the recent  guidelines.  How-
ever,  in  some  HF  patients  with  functional  MR,  it is  possible  that  a prolonged  diastolic  interval  leads  to
deterioration  in  regurgitation  ﬂow.  Increasing  the  HR  by  atrial  pacing  may  provide  a favorable  outcome
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Functional mitral regurgitation (MR) is a common complica-
ion accompanying left ventricular dysfunction [1]. In functional
R,  determining heart rate (HR) during heart failure (HF) is cru-
ial because regurgitation ﬂow might be inﬂuenced by the diastolic
nterval time. Resting HR >70 beats/min (bpm) may  be associated
ith increased mortality [2]. Current European guidelines recom-
end reduction of HR to <70 bpm [3]. However, the hemodynamic
ffect of changing HR on functional MR  remains unclear. In this
eport, we present a case in which functional MR  was unexpectedly
mproved by increasing HR with atrial pacing rather than biventric-
lar pacing (BVP).
ase reportA 71-year-old male with ischemic cardiomyopathy was admit-
ed to our hospital with deteriorating HF. He had a history of
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coronary angioplasty 6 years previously. On physical examination,
blood pressure was 70/51 mm Hg, HR was 60 bpm, and a II/VI
holosystolic murmur was heard at the apex. A 12-lead electro-
cardiogram revealed a left-bundle branch block and QRS duration
of 120 ms  (Fig. 1). Echocardiography showed a dilated left ven-
tricle (LV) with an end-diastolic dimension of 60 mm,  akinesis in
inferior and apical wall and severe hypokinesis in the other LV
walls, depressed ejection fraction (EF) estimated at 25% by mod-
iﬁed Simpson’s method, and severe functional MR (Fig. 2A and
B). No signiﬁcant stenosis was  seen upon coronary angiography.
Laboratory data revealed a white blood cell count, 14,330 mm3; C-
reactive protein, 11.7 mg/dl; serum sodium, 132 mEq/l; creatinine,
1.74 mg/dl; and brain natriuretic peptide, 3642 pg/ml. Prescribed
medications included carvedilol 5 mg  twice daily; enalapril 1.25 mg
daily; spironolactone 25 mg  daily; and furosemide 40 mg  daily.
After hospitalization, antibiotics and increasing doses of diuretic
were initiated. These treatments improved the infection but con-
gestion was not resolved and renal function deteriorated gradually,
categorizing his symptoms as New York Heart Association classes III
and IV. An acute hemodynamic study with pacing was performed
to evaluate the efﬁcacy of biventricular pacing (BVP) on cardio-
vascular parameters. At baseline, HR ranged from 55 to 65 bpm.
Swan–Ganz catheter insertion revealed elevated pulmonary capil-
lary wedge pressure (PCWP) with prominent V wave of 51 mmHg
vier Ltd. All rights reserved.
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rFig. 1. A 12-lead electrocardiogram revealed a l
nduced by severe functional MR  (Fig. 3A). Right atrium pacing at
0 bpm unexpectedly decreased V wave by 19 mmHg  and elevated
ystolic pressure from 76 to 90 mmHg  (Fig. 3B and D). BVP with
aced AV delay of 130 ms  and VV delay of 0 ms  also showed an
mproved hemodynamic effect on the V wave and mean PCWP.
owever, right atrium pacing alone was superior (Fig. 3C and E).
chocardiography showed remarkable improvements in MR  ﬂow
nd reduced tethering force, as estimated by incomplete mitral
eaﬂet closure area [4] from 1.1 to 0.5 cm2, an anterior papillary
uscle tethering distance of 38.9–34.4 mm and an LV end-diastolic
ig. 2. (A) The parasternal long-axis view (B) and apical four-chamber view, transthoracic e
itral  regurgitation. No organic change in mitral leaﬂet and/or mitral tendon rupture w
ight-atrium-only pacing at 80 bpm.ndle branch block and QRS duration of 120 ms.
volume of 214–186 cm3 (Fig. 2C and D), which was  attributed
to the shortened diastolic interval with increasing atrial pacing
rate. We  selected cardiac resynchronization therapy (CRT) with
deﬁbrillation, programmed with atrial pacing at 80 bpm. Clini-
cal symptoms improved dramatically and BNP was  reduced to
435 pg/ml after 2 weeks. We  ultimately programmed DDD  mode
with a ﬁxed atrio-ventricular delay of 350 ms  to avoid ventricular
pacing. The patient’s pacing rate at discharge was  70 bpm, fol-
lowing the European Society of Cardiology guideline that under
70 bpm is recommended [3], with rate-adaptive pacing to induce
chocardiography showed severe left ventricular systolic dysfunction and functional
as found. (C and D) Functional mitral regurgitation dramatically improved with
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[ig. 3. (A) Concomitant left ventricle (LV) pressure and pulmonary wedge pressur
egurgitation. (B and D) Right-atrium-only pacing at 80 bpm decreased the V wave 
 commensurate HR increase upon activity or demand. Treatment
ith carvedilol and enalapril continued unchanged. Eight months
fter discharge, there was no change in LV diameter upon echocar-
iography, but functional MR  remained diminished and no major
dverse cardiac events had occurred.
iscussion
A signiﬁcant association between resting HR and cardiovascu-
ar mortality has been reported in numerous studies. In the CIBIS II
rial, both baseline HR and changes in HR were signiﬁcant predic-
ors of mortality [5]. The best prognosis was in patients with the
owest baseline HR and greatest HR reduction. In the SHIFT study,
R >70 bpm treated with ivabradine was associated with increased
ortality [2]. In contrast, data from the GUSTO-1 study suggested
n increasing risk below 60 bpm [6]. Recently, the PEGUSUS CRT
rial revealed that atrial support pacing at 70 bpm did not improve
linical outcomes but did not adversely affect mortality or heart
ailure events [7]. These results suggest that the upper heart rate
imit can be deﬁned as ∼70 bpm but the lower limit remains
nclear. Our patient showed HR of 55–65 bpm at congestive HF
tate, which might have been an inappropriate HR. Inappropriate
R for cardiac output because of poor LV function leads to LV dilata-
ion and enhances tethering force. In our patient, the increase in
R might increase cardiac output and decrease LV chamber size, in
urn, resulting in reduction of tethering of mitral valve. Accordingly,
t is important to determine an optimized HR in patients with HF,
hich might differ from each patient according to the physiological
nd/or pathophysiological circumstances.
Patients with LV dysfunction and wide QRS have presystolic MR
s a consequence of prolonged isovolumic contraction and relax-
tion times [8]. In Fig. 3 A of our pressure tracing PCWP and LV, the
ressure difference between LV and left atrium at the point of end
iastole was obviously large enough to induce a pressure gradient,
hich is likely to cause presystolic MR.  But, in Fig. 3B, the crossover
f the LV pressure and PCWP became near to end diastole which
ould reduce presystolic MR  and increase LV preload resulting in
ugmented LV pressure rise and reduced tethering force and then
iminished MR  ﬂow. In our patient, a shortened diastolic interval
ith atrial pacing might have reduced presystolic MR  which lead
o initiation of severe functional MR.
[P) assessment showed a prominent V wave induced by severe functional mitral
 E) and elevated the systolic pressure compared to biventricular pacing (BVP).
In chronic HF patients, the presence of functional MR  has been
associated with excess mortality [1]. In our patient, LV wall motion
was observed as akinesis in inferior and apical wall and severe
hypokinesis in the other LV walls by echocardiography. This ﬁnding
indicates that the function of posterior papillary muscle is impaired
more severely than that of anterior papillary muscle, which might
have induced initial MR.  Additionally LV remodeling is recognized
as one of the important mechanisms of progression of functional
MR,  which leads to incomplete mitral leaf coaptation and mitral
annular enlargement. To date, no studies have examined the associ-
ation between functional MR  and HR. In the case reported here, BVP
improved functional MR  less than atrial pacing. In fact, QRS inter-
val at BVP became wider than baseline (Fig. 3D and E), suggesting
LV pacing may worsen inhomogeneous contractile dyssynchrony.
However, the hemodynamic response was enhanced to a greater
degree by atrial pacing. Furthermore, atrial pacing reduced tether-
ing force with shortened diastolic intervals. This suggests that
determination of the optimal HR may  be an important factor to
facilitate improvement of functional MR.
Conclusion
Lowering HR is a recognized beneﬁcial treatment for chronic
HF with raised resting heart rate >70 bpm. However, in some HF
patients with functional MR,  it is possible that a prolonged diastolic
interval leads to deterioration in regurgitation ﬂow.
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